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Abstract
Expert method, which is the network method requires the subsequent stages of subjective measures based on expert opinion. It 
can also be used in the ergonomics analysis of complex production systems for weighting ergonomic criteria. One of the most 
important steps in the network method, is to determine the interactions and links between the ergonomics affect the level of 
production systems. Then, with the help of experts evaluated the relations and interactions between the test nature of an impact
on the phenomenon (negative or positive), as well as their type (bi-directional or unidirectional) and intensity. In addition, the
time horizon is evaluated influences on the point under consideration (from short-term to long-term ). All the elements are the 
basis for the creation of a matrix of influence within which specifies the factors active, passive , lazy critical and there is a map 
detailing the intensity factors led and guided. Actions based on subjective expert opinion may be subject to high volatility 
resulting from the knowledge and experience of experts. Therefore proposes the concept of the individual steps of the method of 
quantification of the network and to lay the foundation of an expert system , which depends less on the level of expertise.
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1. The nature of ergonomic assessment criteria 
Employers and designers commonly resort to ergonomics to [1]:
x design products and/or workstations for prescribed specifications (such as forces, dimensions) and human 
capabilities,
x acquire a competitive advantage by fitting products with features that are of significance for users,
x meet regulatory requirements by incorporating the above into new workstations – this applies specifically to 
Directive 98/37/EC of the European Parliament and of the Council of 22 June 1998 on the approximation of the 
laws of the Member States relating to machinery – 1.1.2 d) “the discomfort, fatigue and physical and 
psychological stress faced by the operator must be reduced to the minimum possible, taking into account 
ergonomic principles”; Council Directive of 12 June 1989 on the introduction of measures to encourage 
improvements in the safety and health of workers at work (89/391/EEC) – “3. Without prejudice to the other 
provisions of this Directive, the employer shall, taking into account the nature of the activities of the enterprise 
and/or establishment: […] b) where he entrusts tasks to a worker, take into consideration the worker’s 
capabilities as regards health and safety”,
x boost productivity,
x identify causes of accidents and diseases involving workers (mainly occupational).
Ergonomic compliance denotes a match between a product or process and the psychophysical characteristics of 
man. The match ensures that such a product or process does not add to human discomfort or adversely affect human 
health. Such compliance may be viewed as a standard of modernity [1, 2].
Definitions of ergonomics vary widely in the interdisciplinary criteria of ergonomics assessment they propose. 
Such diversity has been reflected in standards such as [1]:
x the draft standard PN-88/N-08007: Ergonomic certification of machinery and equipment [15],
x the repealed standard PN-81/N-08010: Ergonomic principles of work system design [13],
x the repealed standard PN-83/N-08015: Ergonomics. Terminology. General concepts [14],
x PN-EN ISO 6385: 2005 Ergonomic principles for the design of work systems [19],
x PN-EN 614-1:2006+A1:2009: Machine safety – Ergonomic design principles – Part 1: Terminology and general 
principles [16],
x PN-EN 614-2+A1:2010: Machine safety – Ergonomic design principles – Part 2: Interactions between machine 
design and work tasks [17],
x PN-EN ISO 12100:2012: Machine safety – General design principles – Risk assessment and mitigation [18].
Researchers who set out on assessing products, workstations and complex manufacturing systems against 
multiple criteria are advised to employ quantifiable yardsticks to ensure comparability across successive scores and 
with other evaluated items. An issue commonly faced in this process is that of equivalence of the criteria used to 
evaluate and design mathematical models to bring together various aspects of working conditions. Many authors 
have approached the design of aggregated evaluation ratios by resorting to methods which, to a smaller or greater 
extent, rely on formal (mathematical) models [8, 10, 11]. The most critical stages of ergonomics assessment (Fig. 1) 
are to identify criteria and jointly evaluate economic quality against specified criteria. The classification of such 
criteria may substantially influence the end result. Where the criteria breakdown is too detailed, synergies will need 
to be sought. And conversely, overly general criteria may lead to overlooking essential parameters that affect the 
quality of working conditions.
The standard PN-83/N-08015 (implementing ISO 6385) distinguishes between: anthropometric, physiological,
hygienic (physical parameters of work environment) and psychophysical criteria [14].
The existing standard PN-EN ISO 6385 distinguishes the following criteria for work system design: work 
organization, work tasks, jobs, work environment, work equipment, hardware and software and workplace and 
workstation [19].
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Fig. 1. Stages of ergonomic assessment (author’s work).
A method for the assessment of working conditions that relies on the above standards (and, in particular, on 
ISO 6385) divides the strains experienced by employees into the four categories of: components of the physical 
work environment, static and dynamic physical burdens, psychological burdens, organizational and technical criteria
[7].
A detailed list of assessment criteria is provided in Table 1.
Table 1. Ergonomics assessment criteria [7].
Group Ergonomics criterion
Elements of physical work environment Noise (N)
Vibrations (V)
Lighting (L)
Microclimate (M)
Non-toxic dust (D)
Toxicity (T)
Electromagnetic field (EF)
Physical load Energy consumed (EC)
Repetitiveness of work motions (MR)
Static load (SL)
Psychological load Information load (IL)
Workstation monotony (WM)
Technical and organizational criteria Organizational criteria (OC)
Technical criteria (TC)
An essential consideration in the ergonomic assessments of workstations is to account for links among individual 
criteria. Such links can be examined by the network (total) thinking method. Studies based on this methodology rely 
on the systemic approach. The network thinking method requires exact and easy-to-understand language. The 
individual terms to be used should be agreed among all concerned parties to keep their views consistent. The method 
helps identify various barriers and limitations, as encountered in decision-making [6, 21, 22].
Any determinations of how individual criteria affect one another are highly subjective and influenced by the 
knowledge and experience of the involved experts. This article refers to the use of such methods to assess factors 
affecting the ergonomics of new manufacturing systems. It proposes a quantification approach to facilitate the use of
the network method.
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Fig. 2. The stages of the network thinking method [3, 4, 5, 6, 21].
2. Application of the network method in assessing manufacturing system ergonomics
The network thinking methodology rests on 7 theoretical foundations which are: the whole and its parts, network 
characteristics, openness, complexity, order, management and growth [6, 21, 22].
The network thinking methodology is employed to define interactions and links among factors affecting an 
identified issue and then classify them into categories (active, passive, critical and indolent) to support strategic 
decisions concerning the potential for controlling change [3, 4, 5, 21]. 
The procedure derived from such methodology comprises multiple stages, as described in Fig. 2.
The purpose behind employing the network thinking methodology for the analysis in question is to assess the 
ergonomics of complex manufacturing systems (as envisioned in the proposed modification concept, this is 
a determined goal). The experts who embark on achieving this goal need to make the following assessment [3, 4, 5, 
21]:
x the relationships and the nature of interactions among factors affecting the matter at hand (adversely or 
positively),
x the type of such relationships and interactions (two- or one-way),
x their intensity (ranging from no impact, defined as “0”, to very strong impact, assigned the value of “3”)
x the duration of impact of individual factors on the matter at hand (ranging from short to long). 
Chapter 3 provides a concept of support during the first two stages. Its purpose is to reduce subjectivity in 
assessing the issue that may result from the operation of contributing factors.
3. Concept of support for correlations among ergonomic criteria in network thinking
In modeling a specific problem by means of network thinking, factors affecting ergonomics need to be identified. 
If the selected criteria are as proposed in Table 1, it will become imperative to define the impacts of individual 
criteria on the main criterion (EMS - Ergonomics of manufacturing systems) and on one another. A study conducted 
E\WKHUHVHDUFKWHDPRIWKH3R]QDĔ8QLYHUVLW\RI7HFKQRORJ\>@VKRZVDOLQNEHWZHHQWKHLPSDFWVRIIDFWRUVRQ
the final assessment and the degree of mechanization and automation. The study distinguished between 4 groups of 
workstations: without the use of tools, with the use of tools, with the use of machines and with the use of 
automatons. The significance of the impact of individual component coefficients on the aggregate coefficient was 
assessed for each of the above workstation categories [9] based on Pearson, Spearman and Kendall correlations 
between the component ratios and the aggregated ratio and the significance of correlation tests. The error of the first 
kind was assumed to be Į = 0.05. The significance decisions were reached on the basis of ranking tests.
The numerical representations of correlation coefficients were associated with the verbal labels of none, poor and 
significant (high and very high; positive and negative). The individual categories of correlation significance were 
APPLICATION 
OF THE 
SUPPORT 
CONCEPT
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associated with impact severity represented on a four-point scale on which 0 denotes no impact, 1 stands for mild,
2 for high and 3 for severe. The results are shown in Table 2.
Table 2. Impacts of working condition assessment (component) criteria on the overall assessment of ergonomic compliance (EMS) (author’s 
work based on [9])
GJ**
CC*
without the use of tools with the use of tools with the use of machines with the use of automatons
Category SIE*** Category SIE Category SIE Category SIE
1 2 3 4 5 6 7 8 9
N Insignificant correlation 0 Significant 
correlation. The 
most correlated 
coefficient.
3 Significant correlation.
Second most 
correlated coefficient.
3 Correlation poor 
significant
1
V Insignificant correlation 0 Significant 
correlation.
2 Insignificant 
correlation
0 Insignificant 
correlation
0
L Significant correlation 2 Insignificant 
correlation
0 Significant correlation.
Fourth most correlated 
coefficient.
2 Insignificant 
correlation
0
M Significant correlation.
The most correlated 
coefficient.
3 Significant 
correlation. Third 
most correlated 
coefficient.
2 Significant correlation 2 Insignificant 
correlation
0
D Insignificant correlation 0 Significant 
correlation. Fourth 
most correlated 
coefficient.
2 Significant correlation 2 Insignificant 
correlation
0
T Correlation poor 
significant
1 Insignificant 
correlation
0 Insignificant 
correlation
0 Insignificant 
correlation.
0
EF Correlation poor 
significant
1 Correlation poor 
significant
1 Correlation poor 
significant
1 Correlation poor 
significant
1
EC Significant correlation.
Fourth most correlated 
coefficient.
2 Significant 
correlation.
2 Significant correlation 2 Insignificant 
correlation
0
MR Insignificant correlation 0 Significant
correlation. Fifth 
most correlated 
coefficient.
2 Significant correlation.
Third most correlated 
coefficient.
2 Insignificant 
correlation
0
SL Insignificant correlation 0 Significant 
correlation. Second 
most correlated 
coefficient.
3 Insignificant 
correlation
0 Insignificant 
correlation
0
IL Insignificant correlation 0 Significant negative 
correlation
2 Significant negative 
correlation. Fifth most 
correlated coefficient.
2 Negative 
correlation. The 
most correlated 
coefficient. 
3
WM Significant negative 
correlation. Second 
most correlated 
coefficient.
3 Correlation poor 
significant
1 The most correlated 
coefficient.
3 Correlation poor 
significant. Third 
most correlated 
coefficient.
2
OC Insignificant correlation 0 Significant 
correlation
2 Correlation poor 
significant
1 Insignificant 
correlation.
0
TC Significant correlation.
Third most correlated 
coefficient.
2 Significant 
correlation
2 Insignificant 
correlation
0 Significant 
correlation. Second 
most correlated 
coefficient.
3
* CC – component coefficient; ** GJ – group of jobs, ***SIE – scale of intensity effect
The impacts of individual factors need to be identified to populate the impact matrix (Table 3).
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Table 3. Sample impact matrix for group of jobs relying on machines (authors’ work) .
N V L M D T EF EC MR SL IL WM OC TC EMS TOTAL A
A
xi
s X
 (I
nt
en
si
ty
 A
)
N X 3 {from 3 to 42}
V X 0 {from 0 to 39}
L X 2 {from 2 to 40}
M X 2 {from 2 to 40}
D X 2 {from 2 to 40}
T X 0 {from 0 to 39}
EF X 1 {from 1 to 41}
EC X 2 {from 2 to 40}
MR X 2 {from 2 to 40}
SL X 0 {from 0 to 39}
IL X 2 {from 2 to 40}
WM X 3 {from 3 to 42}
OC X 1 {from 1 to 41}
TC X 0 {from 0 to 39}
EMS 3 3 3 3 3 3 3 3 3 3 3 3 3 3 X {from 3 to 42}
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NOTE! The blank fields need to be completed with the impact coefficients ascertained in individual studies.
The impacts of individual CCi factors on the ergonomic compliance score (ergonomic manufacturing system) 
have been discovered in the study [9]. The CC impact correlation coefficients were replaced with impact severity 
scores (0 to 3). The ergonomic compliance of a manufacturing system may be expressed as follows:
EMS = f(ȈCCi (S)) =  f(N, V, L, M, D, T, EF, EC, MR, SL, IL, WM, OC, TC) (1)
where:  S – synergy coefficient,
CCi – component factor – an element which belongs to the set consisting of {N, V, L, M, D, T, EF, EC, MR, SL, IL, WM, OC, 
TC}.
A significant problem in the proposed methodology is to account for the synergies that arise where multiple 
significant factors coincide. Many factors proposed in this concept, such as noise and vibrations, do indeed coincide. 
The impact severity of each factor depends on the characteristics of exposure sources, as in:
L = f(a) dB(A) (2)
where: L – denotes noise level A, dB(A);
a – denotes effective weighted vibration acceleration, m/s2,
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For each combination of L and a, the impact of noise (N) on vibration (V) is assessed on a scale from 0 to 3. A 
similar procedure applies to the remaining factors.
The following stage is to examine the impact matrix which divides all of the analyzed factors into the four groups 
of [22]: 
x active factors which very strongly affect other influences but which themselves are unlikely to succumb to any 
influences;
x passive factors having little effect on others but likely to be influenced by them;
x critical factors which strongly impact upon others and are strongly influenced by other factors;
x indolent factors which poorly impact on others and are only slightly influenced by them.
In classifying the individual CCi, one should proceed as follows:
For each CC, sums of Xi and Yi should be determined where (i ࣅ {from 1 to 14}) represent coordinates in the 
system:
Xi  CCHi, where CCHi denotes factors named in column 1 (horizontal) of Table 3 whose impact severity is 
totaled across;
Yi  CCVi, where CCVi denotes factors named in row 1 (vertical) of Table 3 whose impact severity is totaled 
down.
For example, the procedure for the first N factor of noise is:
X1  CCH1  V, L, M, D, T, EF, EC, MR, SL, IL, WM, OC, TC), where X1 ׫ {from 3 to 42}, (3)
Y1  CCV1  V, L, M, D, T, EF, EC, MR, SL, IL, WM, OC, TC), where Y1 ׫ {from 3 to 42}. (4)
For the second factor V of vibrations, the procedure is:
X2  CCH2  N, L, M, D, T, EF, EC, MR, SL, IL, WM, OC, TC), where X1 ׫ {from 0 to 39}, (5)
Y2  CCV2  N, L, M, D, T, EF, EC, MR, SL, IL, WM, OC, TC), where Y1 ׫ {from 3 to 42}. (6)
An individual item is marked on the map at the intersection of value Xi (describing the intensity of impact) and 
value Yi (describing factor responsiveness) [22].
To identify the nature of individual factors, two division lines (borderlines) need to be defined: the vertical line 
AX and the horizontal line PY. The lines divide the space of the severity map into four sectors corresponding to factor 
categories. The simplest division would be to select the maximum values of CCH and CCV and dividing them in half 
[20, 21]:
AX  CCH max / 2 => vertical line AX, (7)
PY  CCV max / 2 => horizontal line PY. (8)
The classification of individual factors into the right categories will depend on the following relationships:
If Xi < AX and Yi < PY => CCi ׫ { INDOLENT }; (9)
If Xi > AX and Yi < PY => CCi ׫ { ACTIVE }; (10)
If Xi < AX and Yi > PY => CCi ׫ { PASSIVE }; (11)
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If Xi > AX and Yi > PY => CCi ׫ { CRITICAL }. (12)
Where active and critical factors prevail, one may successfully control manufacturing system ergonomics by
manipulating component factors. However, if the reverse is true, interference options are much more limited. This is 
because the use of passive and indolent factors can only be expected to produce minor changes in system 
ergonomics [12, 21].
4. Summary
The proposed method increases assessment score duplicability when applied by different experts. It also makes it 
possible to rely on experts whose level of expertise is more limited. The next step towards a more objective 
assessment is to develop formal models that associate coefficients of the mutual impact of factors with measurable 
values. For ease of use, results may be presented in a value matrix or a nomogram. One of the main purposes of the 
study is to:
x reduce the time needed to apply the method;
x ensure the duplicability of results across multiple method users.
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